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Abstract 
Brazil is one of the few countries where the water heating for bath is performed by using electric showerheads. The 
widespread use of these devices is the mainly responsible for the high peak on the electricity demand of the 
residential sector, observed between 18:00 and 21:00 hours. As a consequence of that, costs and service quality are 
undermined, affecting consumers and the electricity sector in general. In attempt to deal with this issue, solar hot 
water systems have been proposed as an option to reduce the electricity consumption of the showerheads. However, 
despite of the high incidence of solar radiation on the Brazilian territory indicates a significant economy, currently 
there is no technical assessment quantifying the economic benefits on the region. The present study estimates the 
economic impacts resulting by the deployment of solar hot water systems in Brazilian households. Hence, the 
feasibility study allows assessing the potential of solar water heating as alternative to reduce the peak on the 
electricity demand in Brazil. In order to perform the proposed analysis, long-term performance simulations were 
performed on an hourly basis using the TRNSYS software as computational tool and typical meteorological year 
(TMY) files as input data. The TRNSYS component (Type 45) relating the solar water heating equipment had been 
experimentally validated, whereas the weather data was obtained from the SWERA database. Also, a time dependent 
profile of the heating demand is considered, according the measurements collected in previous studies. The thermal 
performance is evaluated in terms of solar fraction. On the other hand, the economic impacts are quantified in terms 
of three criteria for economic feasibility, such as payback period, internal rate of return and life cycle savings. In 
order to explore the benefits arising from different policies, four tariff scenarios are considered. The economic 
evaluation is positive over all scenarios analyzed, showing savings for both, the consumers and the electricity sector. 
The results of this analysis can be used as support tool for target setting the adoption or spread the use solar water 
heaters, or even to create policies for its diffusion. 
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1. Introduction 
 
The hot water for bathing in Brazil is predominantly done through the use of electric showerheads, 
which are present in approximately 73% of the households in the country [1]. However, despite the fact of 
such equipment is relatively cheap, around US$ 30 for power ranging from 4 kW to 8 kW, the widespread 
use of these devices has a costly effect on the residential consumers, as well as on the whole Brazilian 
electric sector. 
  
Electric showerheads accounts for approximately 26% of the total residential electricity consumption, 
but this percentage can reach 35% of total demand of low-income families [2]. Moreover, showerheads 
consumption accounts for 43% of the high consumption peak apparent between 18:00 and 21:00 hours on 
the Brazilian residential sector demand profile, featuring as the mainly responsible for this peak. As a 
consequence of the peak, the entire Brazilian electric power grid is oversized to meet the demands 
required during that period. Indeed, several studies have estimated an expansion cost of about US$ 1650 
per kilowatt installed [3]. In addition, that peak stress results in a violation of the standards of quality of 
supply of electricity and overloading of distribution transformers.  
 
Given these facts, solar hot water systems have been proposed as an option to flatten the peak of 
electricity demand, once Brazil is a country whose territory is geographically located in a region 
characterized by high solar radiation levels [4]. In fact, previous studies show that the use of solar hot 
water systems (SHWS) is technically feasible in most of the country [5]. Thus, the present study focuses 
on analysis of the economic viability of these systems. In this regard, the annual thermal performance is 
assessed using the energy simulation program TRNSYS and climatic data in a TMY (Typical 
Meteorological Year) format. Therefore, the economic analysis is performed anchored in four different 
scenarios, in order to assess whether it is economically feasible to use solar hot water systems rather than 
electric showerheads for water heating for bathing. It also assesses the savings for the electric sector, 
estimating the amount that would be saved by each household that decided to install a solar hot water 
system, considering an attenuation of the expansion investments in the electrical power grid, due to the 
adoption of SHWS. 
 
2. Thermal Performance Evaluation and Energy Savings 
 
The thermal performance of the system is evaluated by a simulation, where the heat fluxes and the 
electric power consumption required by the system are determined. In this context, the TRNSYS software 
is used, which is a simulation program whose main characteristic is its modular structure. I offers also a 
typical meteorological year files interpreter, allowing simulating under different climatic conditions. 
 
The energy savings is estimated in terms of solar fraction of the system, which is defined as: 
݂ ൌ ͳ െ ׬ ௔ܲ௨௫݀ݐ
௧
௧଴
׬ ሶ݉ ܿ௣ሺ ௦ܶ௘௧ െ ௜ܶሻ݀ݐ௧௧଴
 (1) 
where  is the electrical power, ṁ is the load flow rate,  is the specific heat of fluid,  is the set 
point temperature, and  is the temperature of the replacement fluid.    
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2.1 Weather Data 
The weather data used in the simulation should represent reliably the weather and seasonal variations 
of the location where the solar system is installed. Data in TMY format have been widely used for this 
purpose [6]. In this sense, the SWERA (Solar and Wind Energy Resource Assessment) database [7] offers 
hourly series in TMY format for twenty Brazilian cities. Data available includes the global, direct and 
diffuse components of solar radiation, and climatic data such as temperature and relative humidity. The 
solar radiation data considered in the SWERA database were obtained by NREL (National Renewable 
Energy Laboratory) using the METSTAT model, while the climatic variables were collected from 
meteorological stations located at airports of the selected cities. Figure 3 shows the geographic 
distribution of the cities considered in this study. 
 
 
Fig. 1 - Geographical distribution of considered Brazilian cities. 
2.2 Load Profile 
In order to perform a reliable transient simulation, it is desirable that the hot water consumption profile 
considers the hourly variations, inherent to the local costumes. In this context, it was considered a 
consumption profile statistically valid, obtained from data collected during an experimental scale, where 
90 Brazilian housing units had their electrical consumption for heating water monitored [8,9]. The 
standard format of the data consumption of hot water, conjugated to TRNSYS, consists of a range of 
hours and its respective hot water demand. The profile of these data is shown in Figure 2, assuming a total 
consumption of 200 liters of hot water per day. 
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Fig. 2 - Water draw load function over the time of the day 
2.3 System Setup 
The system considered in the present study consists of a flat-plate solar collector, a stratified storage 
tank, a check valve to prevent reverse flow, and water as the working fluid. It contains also a tee-piece 
that completely mixes two inlet streams of the same fluid at different temperatures, and a tempering valve 
to control flow divert. At last, an auxiliary heater is considered to elevate the temperature of a flow stream 
whenever the outlet temperature is lower than the set point . This configuration showed the best 
performance for Brazil, in a preliminary study where three different configurations was compared [5]. 
The schematic of the system described above is shown in Figure 3. 
 
 
Fig. 3 - Solar domestic water heating simulated 
For purpose of this analysis, it is assumed a flat solar collector with efficiency parameters FR(τα)n = 
0.67, FRUL = 5.74 W/(m². K) and a ground reflectance of ρ = 0.16 . The collector absorber area is 1.36 m2 
and its slope is equal to the local latitude plus 10 degrees. The integrated storage tank has a volume of 
90.5 liters and it is thermally insulated with a layer of glass wool, which is uniformly distributed with a 
thickness of 5 centimeters and 0.04 W/(m K) of thermal conductivity. The set point for hot water 
consumption temperature is 40°C.  
3. Economic Assessment 
In order to evaluate the economic feasibility of the system, the cities are grouped according to their 
respective regions, making easier the visualization of the results. In fact, economic data relating to 
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electricity consumption are provided in this format too [10]. Inflation and monetary adjustment were 
discarded, so that the nominal cost of equipment and electricity are the same throughout the period of 
analysis, adopting the premise that monetary adjustment nullify the effects of inflation. The discount rate 
is assumed as 8% per year, taking as reference the average yield offered by savings account in Brazil, 
during the last 10 years. This value represents the hurdle rate of investment, which is the minimum that 
the consumer intends to gain by investing their capital. As mentioned before, the marginal cost of 
expanding hydropower grids is about of 1650 US$/kW. The average cost of the electricity in Brazil is 
approximately US$ 0,20/kWh. The cost of the SHWS lies around US$ 800 and it was assumed for the 
system the typical metal collector lifetime, 20 years. 
 
The analysis is performed regarding the perspective of the electric showerhead users and the electricity 
sector. By the user’s side, the parameters considered are the payback time, Internal Rate of Return (IRR) 
and Life Cycle Savings (LCS). On the other hand, for the electricity sector the parameter considered is the 
savings by costs of expanding capacity. All parameters are evaluated in the context of four hypothetical 
scenarios that affect the economic feasibility of solar hot water systems for both parties. In the first and 
second scenarios the electricity tariff is assumed to be constant, e.g. does not depend on the schedule of 
consumption and the price is fixed throughout the day. The difference between each other is about the 
subsidies considered. While for the first one assumes that the user does not receive any subsidy to the 
initial investment, the second scenario assumes that the consumer receives a subsidy from the electric 
sector in an amount equal to the savings on account of  the reduction in the peak demand. On the other 
hand, in the third and fourth scenarios, the value of the electricity tariff depends on the consumption 
schedule. In this way, three periods of consumption are defined: early, normal and peak. The normal time 
comprises from 6:00 AM to 6:00 PM and 9:00 PM to 12:00 PM. During this period the price of the 
electricity tariff is the same value as set in the previous scenarios. The early time comprises from 12 pm 
to 6 am, in which period the electricity consumption is low, so it is assumed that the price of the energy is 
half of that charged during the normal time. Finally, the peak time comprises from 6 pm to 9 pm, in which 
period the electricity consumption is high, so during this period the price of the electricity doubles the 
price that is charged during the normal time. As in the first and second scenarios, the difference between 
the third and fourth scenarios is about the subsidies. Since the fourth scenario assumes that the consumer 
receives a subsidy in the electricity sector in an amount equal to the savings from the reduction in peak 
demand, and the third not.  
3.1 Payback time 
Several definitions for the payback time are significant in the context of economic analysis of the solar 
thermal systems [11]. In this paper, it is assumed as the time required for financial savings on electric 
equals to the total invested in the solar hot water system. In other words, the payback time is the time it 
will take the user to be able to pay for solar equipment, using for this the amount saved annually in 
electricity consumption. Regarding this concept, the investment on the solar system is considered feasible 
when the payback time does not exceed the useful life cycle of the equipment. However, this criterion is 
relative, getting the user the final decision on a value of minimum payback time that will be satisfactory. 
To calculate this parameter a data sheet is used, which accounts for the cash flows with the income and 
expenses of the system. The obtained results are presented in figure 4. 
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Fig. 4 - Payback time of SHWS by region . 
As seen in Fig. 4, the payback time shows that SHWS are economically feasible in all regions of Brazil 
and in all scenarios analyzed herein.  Whereas the maximum time needed to recover the invested capital 
is 5.8 years. It is worth pointing out that the south and southeast regions are the most interest regions for 
this study, since it presents the largest target population and due to the lower water temperatures at that 
locations, and consequently higher heat demand. This concern makes the payback time even lower. 
Furthermore, the subsidies and a time dependent electricity price have a positive influence on the 
economic feasibility of the systems.    
3.2 Internal Rate of Return – IRR 
The IRR is defined as the discount rate that makes the present value of future savings equivalent to the 
value of the initial investment on solar heating system. Thus, the IRR is characterized as the rate of 
financial return on investment made by the user, which is defined by the following equation: 
 
෍ ܥܨ௜ሺͳ ൅ ܶܫܴሻ௜ ൅ ܥ௜௡௜௧௜௔௟ ൌ Ͳ
்
௜ୀ଴
 (2) 
 
where T is the period considered, 	 cash flow and  the initial investment in the system.  
 
The assessment of this parameter determines whether the investment is generating more savings or 
costs. In this context, it is not feasible investment when the IRR is lower than the discount rate practiced. 
The results obtained are presented in figure 5, where it is observed that the SHWS are economically 
feasible in all regions of Brazil and in all scenarios analyzed. It is worth pointing out that regarding this 
parameter, the subsidies and time dependent electricity price have a positive influence on the economic 
feasibility of the systems. 
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Fig. 5 -IRR of SHWS by region 
3.3 Life Cycle Savings - LCS 
The LCS is defined as the difference between the present value of the life cycle costs of a 
conventional heating system and the present value of the life cycle costs of the solar hot water system. 
Regarding this definition, the investment on a solar system is considered feasible whenever the LCS value 
is positive The results obtained for this analysis are shown in figure 6. 
 
 
Fig. 6 – LCS for SHWSby region in Brazil 
 
It should be noted that as the other economic parameters the LCS shows the economic feasibility for 
all regions of Brazil and all scenarios analyzed. 
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3.4 Electric Sector Savings 
Electric sector savings accounts the savings of the electric sector for each domestic solar hot water 
system installed. Thus the economic viability for the electrical sector occurs when the costs spent on 
investments to reduce peak demand are less than the costs of expanding supply network to meet peak 
demand. Figure 4 shows the results of this analysis.  
 
 
Fig. 7 - Savings for the electric sector  
 
As seen in Fig. 7, there are significant savings for the electric sector per household that decide to acquire 
a solar heating system, especially in the south region. Another interpretation of the same result is that the 
values observed in Fig 7 represent the amount that the electric sector spends per electric showerhead 
installed. The second and fourth scenarios show no economy because it was assumed that the savings 
obtained by the electric sector are completely transferred as an incentive or subsidy to the consumers. 
Even in that scenario, the electric sector has some benefits, since the electricity service would be 
improved, due to a reduced consumption profile. 
4. Conclusions 
The use of solar energy for domestic water heating for bath has proved to be economically feasible 
application in all regions of Brazil, regarding the four scenarios analyzed herein.  In this context the 
higher benefits, are observed at South and Southeast regions of Brazil, which are indeed the regions of 
greatest hot water demand. The adoption of a time-dependent pricing schedule increases the economic 
feasibility of the systems. On other hand, the subsidy from the electricity sector has proved to be an 
important incentive, which can benefit both consumers and the Brazilian electric sector. The results show 
the savings achieved by the electric sector can serve as a basis for defining appropriate subsidies and 
foster the deployment of such technologies in Brazil. However, although the results are favorable, it is 
important to note that the peak demand will remain unchanged when adverse weather conditions occur.  
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